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Field: The present invention rel ates tp_an edge polished wafer with a
suppressed sag in the outer peripheral portion thereof, to a polishing
cloth for 10 edge polishing, and to an apparatus and method for edge

pol i shing. Background Art: In recent years, there has been demanded a hi gh
flatness level for wafers, for exanple, thin disk-shaped wafers, such as a
sem conductor silicon 15 singlep Q@Q f@%e (hereinafter also sinply
referred to as a silicon wafer), ass substrate including a quartz wafer
‘or others, a ceram c substrate i ncI uding alumna, alumnumnitride or the
i ke. A manuf acturi ng process for the wafers, for exanple, a silicon
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t hereof, an etching step of imersing the | apped wafer into an 25 etching

solution to etch all the surfaces thereof for renoving processing 2
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Technical Field:

The present invention relates to an edge polished wafer with a
suppressed sag in the outer peripheral portion thereof, to a polishing cloth for

10  edge polishing, and to an apparatus and method for edge polishing.

Background Art:
In recent years, there has been demanded a high flatness level for
wafers, for example, thin disk-shaped wafers, such as a semiconductor silicon
15  single crystal wafer (hereinafter also simply referred to as a silicon wafer), a
glass substrate including a quartz wafer or others, a ceramic substrate
mcluding alumina, aluminum nitride or the like. A manufacturing process
for the wafers, for example, a silicon wafer, comprises: a slicing step of slicing
a cylindrical semiconductor ingot with a wire saw, a circular inner diameter
20 - blade or the like to obtain thin disk-shaped wafers; a chamfering step of
chamfering a peripheral edge portion of the wafer obtained through the
slicing step to preveht chipping of the periphery thereof a lapping step of
lapping both surfaces of the chamfered wafer to adjust a thickness and
flatness level thereof; an etching step of immersing the lapped wafer into an

25  etching solution to etch all the surfaces thereof for removing processing



damage remaining therein; and a polishing step of mrror poljshin i ngl e
surface or both surfaces of the etched wafer for inprovindfgbgﬂ?W%Q@OE
roughness level and a flatness |evel thereof. Furthernore, the chanfered
portion of the above chanfered wafer is 5 usually subjected to edge
polishing prior to polishing the wafer for preventing particle generation
upon contact thereof by handling or the like in | ater steps. The edge
pol i shing has been perforned using a known edge polisher 10 as shown in

otary or er18e Angrhing Mgl et R pERGH BT BolERELe astislEs 1,
(2 oo shea ) v FRRRTEr T R RS STk, S I (e
devi ce, i ETeS o bRt T e et 1 O e ot ary drum 12 And can
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instak%ed on ihe t.0 urf ace ohg%he base 20.. A wafer Wis held on the top
end of t heSYaiasybietispito soge palishpepriarnte polishiag themalhr fay pregenidsggnat es
.a nozzle, which supplies polishing slurry 26 to a contact portion of the
pol i shi NPt gereation wpn gurtect tereafey bandking vy the like ipdatearstens. by
-polishing the chanfered portion of the wafer Wwith rotating both the
rotary drum 12 ahie edge peligringhastheeprrerfomged heingad brnownt edgehmolisheri shi ng
cloth 16 on the rotaﬁéEQrun112 at a predetermned tilt angle, for exanple,
in the rah@esshowngm Higs teeendiiP(BE(sdegPed 99 283490) e Tihe algeapdlishieng
surface of the rotary drum 25 In the above published patent application,
as the ' pt) hedamgtaiyoiten 22Nmndasiodin 20@etuBe that the drum 12 rotates about a
- 10  rotary shaft 14 at a hjgh speed. A multi- or single layer polishing cloth (a
polishing pad) 16A (FIG. 12(a)) or 16B (FIG. 12(b)) is fixed on all the outer
surface of the rotary drum 12.
18 designates a wafer rotating device, which is installed
correspondingly to the rotary drum 12 and can freely change a tilt angle
15  relative to the rotary drum 12. The wafer rotating device 18 includes a base
20, and a rotary shaft 22 rotatably installed on the top surface of the base 20.
A wafer W is held on the top end of the rotary shaft 22 and subjected to edge
polishing. 24 designates a nozzle, which supplies polishing slurry 26 to a
contact portion of the polishing cloth 16 with the wafer W. Edge polishing is
20  performed by polishing the chamfered portion of the wafer W with rotating
both the rotary drum 12 and the wafer W, and pressing the wafer W to the
polishing cloth 16 on the rotary drum 12 at a predetermined tilt angle, for
éxample, in the range of from 40 degrees to 55 degrees relative to a polishing

surface of the rotary drum.

25 In the above published patent application, as the polishing cloths



(polishing pads) 16A and 16B, there was disclosed as prior.art not ly a
pol i shing cloth (polishing pad) 16B (FIG 12(b)) of a si ng%gor'%rg;nef‘rﬂ%e‘*
structure, but also a polishing clothg(polishing pad) 16A of a two |ayer
structure, that is, a nulti-layer structure (FIG 12 (a)) constituted of a
sheet 16a nade of at 5 | east one of synthetic resin foam nonwoven fabric,
resin-treated nonwoven fabric, synthetic |eather, or conposites thereof;
and an el astic sheet 16b such as a synthetic rubber sheet or a sponge

heet. I ny ly S{H Ln,order to.increase a
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10 th ' teehni ' | L shi. | ot h f | e,
Suba 400 PEGgE PR Chel SN, P4 298 BRG0Pl & i cladie e wibues, used
in Co ' Ex l. l.i_.sh t ent | i cation; Suba 400
navi ng. & PRt el et tiiSe Both tPoReE A d o iHe e G g Hnathre RBSdsof 1 mm
and a rub_beruga_ dness, of 50 d.in a5$<arrpl e 1 of the published patent 15
appl i cati dri® ﬁ?ja@fbﬂzrﬂﬁtﬁlrﬁa i ﬁ;g 12 {ali eRnetdlated of 2 phask 163 goade oflaset used

in EX I f 2, of tcg.e .uﬁl i.shed patent application).. In the case where edge
pol i shl ng'Gast gBf+ r*'ﬂ&ﬁ e FESiA %@mssmﬁ%m@fbf&brl%freﬁhét@bm neoREYen
structure, .it has been found according to experinments by the present
i nvent or faPxic, gEnthedimlenpham, gr campasites thireds pord A elBRic she26 1pbaduhed
extending 500 pmor nore into a wafer main surface froma wafer chanfered
portion 385 a|synthetic sweldrishest oom, spemgeisheét.er, such excess polishing is
referred to as over-polish and a wwdth of the polished portion 32 is
referred to as df dher apové stdgu didlishihe wiedhbd ofint bedswafter iabraker gd
portion 30 is (general ly on the order of 5.00 ,m Therefore, the sumof the
25 waf er presst@dewmentduort 3o (thboutlishfs njothnthdlhdimy eadpaldsrwght h 32 2
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10  there are disclosed techniques using soft polishing cloths (for example, Suba
400 having a thickness of 1.27 mm and an Asker C hardness of 61 used in
Comparative Examplg of the above published patent application; Suba 400
having a thickness of 1.27 mm + synthetic rubber having a thickness of 1 mm
and a rubber hardness of 50 used in Example 1 of the published patent
15 application; and Suba 400 having a thickness of 1.27 mm + sponge sheet used
in Example 2 of the published patent application).
In the case where edge polishing is performed using a polishing cloth
of the above noted structure, it has been found according to experiments by
the present inventor that as shown in Fig. 13 a polished portion 32 is
20 produced extending 500 pm or more into a wafer main surface from a wafer
chamfered portion 30. In this specification, hereinafter, such excess
polishing is referred to as over-polish and a width of the polished portion 32 is
referred to as an over-polish width. The width of the wafer chamfered

portion 30 is generally on the order of 500 um. Therefore, the sum of the

25  wafer chamfered portion 30 (about 500 {1m) and the over-polish width 32



(about 500 j,m is about 1000 m that is, about 1 mMm An e excl usi.on
area (E. E.) for flatness neasurenent on a wafer surface ?%&ﬂ?ﬁ%@b@ 3 mm

fromthe periphery of the wafer; therefore, if an over-polish width is
about 500 m an influence thereof on wafer flatness is 5 small. However,
there have recently increased demands for the smallest possible edge
exclusion area (E. E.) for wafer flatness neasurenent. This is for

i nproving a yield of device chips obtainable fromone wafer. Generally,
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achieved in a central portion o ér, a wafer 't hi ckness 10 decreases
froman inner pos|ti t. mt he wafer peripheral edge to the
chanfered porti g&? é%‘??:%gl}lgi%ﬁe l{eargr@gﬁ%%&ﬁ%ngﬁﬁ n}%sfelﬁ%mﬁf}fgp a ﬁ’é‘%@bher-al
portion waf er., iJ e causes,.of the wafef peripheral sag may be
consi dergg&lrg%%blg‘ %lra??%grée%qﬁ%@?np%PhW fibthy swder B\V\?r‘fgﬁe: B&A shing a
waf er main surface,. antlu of a polishing agent and so on, 15

especi al IY°F W@Eléﬁgwtﬁﬁﬁé? szbQH%gﬁStFHE’ BBGH@&‘PVC?)g]FQlie@ﬁOBéY@@éﬂ%tﬁéS@ bganf er ed
portign andﬂﬁh in surface is considered to be due to an influence of
edge °poli® 'fngl.{g%@?’e%x@‘r%F \avienrecablyomeapasedy dewanda sfoorther smallest E. ) f or

wafer flat nﬁﬁs Heasurerrpnt of m"ri an over-polish width of about 500 gm
woul d  20P9SEIR & é%eaclmmawaa@w& forewaferdiatngen orcaisuremsay This ke out er

peri phere}_l .portion of the wafer. Disclosure of the Invention: The present
i nvent or RRYNBESVIHEPevielthef dergce phipstabjairiabhs fiom og&wafei.nprove the above
conventional edge polishing technique, as a result of which 2 Novenber 2004
5 the present i aldn ﬁme&mbm@ Emelgnay tthat vehibew fdlativelyshigh a novel
flatness level is achieved in a central portion of a wafer, a wafer thickness
10 decreases from an inner position of about 5 mm from the wafer peripheral
edge to the chamfered portion, which is referred to as a sag in the outer
peripheral portion of the wafer. W'hjlé causes of the wafer peripheral sag
may be considered to be a difference between polishing pressures when
polishing a wafer main surface, an influence of a polishing agent and so on,
15  especially the sag generated at the boundary portion between the chamfered
portion and the main surface is considered to be due to an influence of edge
polishing.
For example, in case of an edge exclusion area (B. E) for wafer
rﬂatness measurement of 1 mm, an ovér*polish width of about 500 um would

20 influence a wafer flatness level and generate a sag in the outer peripheral

portion of the wafer.

Disclosure of the Invention:

The present inventor has performed various investigations to

25" improve the above conventional edge polishing technique, as a result of which



over-polish width range enabling achi evenent of good mafeﬁzﬁkg&ﬂ§§§0&4th
suppression of a wafer peripheral sag even in case of an edge excl usion
area (E. E) for wafer flatness neasusenent of 1 nm and a structure of a
polishing cloth preferably used for manufacturing an edge polished wafer
with the above novel over-polish wdth. It is an object of the present

I nvention to provide a novel edge polished wafer with a suppressed sag in
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o over - BERe SOV (IR U Bialo, | S 19 00 Lre OF the perfect absence |
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mrror-polished state taking Into account variatfons I n processi

condi ti 0%51§l’isﬂetd %f&“@ﬁ%”h El?%%ﬂr@%%& ?%Hg %@%@g%\%&@'&ﬁr}ﬁﬂg‘%ﬁ%ré@f{ h an

over-polTsh width of the o 50 I'n‘order to peffectly
! o8 A R R0 VIS RS RLALSE Ll one o
measur engdde Yolishe waferOMafir RRUS ProduétivitysS aRf ChighdBFficieAcy, and an
apparatus and method for edge polishing with the polishing cloth preferably
used for edge polishing the above novel edge polished wafer.
According to one aspect of the present invention, there is provided an
edge polished wafer wherein an over-polish width generated by edge
polishing is controlled to 400 pm or less.
In a wafer whose chamfered portion is mirror polished, by
controlling the over-polish width to the range of the order of 0 to 400 um,
there can be attained a wafer with a high flatness level up close to the
peripheral edge thereof through further polishing of the main surface thereof.
While an over-polish width is preferably in a state of the perfect absence
(zero), in order to perfectly turn the chamfered portion into a mirror-polished
state taking into account variations in processing conditions, it is enough to
manufacture an edge polished wafer with an over-polish width of the order of

50 pm. Moreover, in order to perfectly eliminate an influence of edge

polishing under very strict conditions of an edge exclusion area (E. E) for



the range of from50 mto 200 m Furthernore, while vari O%W&HQQ%MG
concei vabl e for nmanufacturing a wafer of the present inventio an
especially preferable nmanufacturing-gpparatus and nethod are as foll ows:
The wafer of the present invention may be manufactured, according to yet
anot her aspect, using an apparatus conprising a rotary drumwith a
polishing cloth adhered on an outer surface thereof and a wafer rotating
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| ayer structdre including only a I shing bric layer having an Asker C

har dnesspaf ifi6 @ntiitoRah. theMpdkibiis CAs®R & &mﬂ iRt SlglbhBeretblQygiber 2004
7 pollshlng fabric layer is preferably 1.3 | ess.

supplying polishing slurry to the contact portion of the polishing cloth, and
the contact portion (a polishing fabric layer)-of the polishing cloth with the
wafer has an Asker C hardness of 65 or higher. With contrivance on the
polishing cloth in use, an over-polish width is reduced and thereby a wafer
having an over-polish width of 400 pm or less can be produced stably.
According to another aspect of the present invention, a polishing cloth
for edge polishing comprises a multi-layer structure of at least two layers
including a polishing fabric layer and a sponge layer having a hardness lower
than the polishing fabric layer being laminated, wherein an Asker C hardness of
the polishing fabric layer is 65 or higher and an Asker C hardness of the sponge
layer 1s 40 or lower. It is especially preferable that the polishing fabric layer
has a thickness of 1.3 mm or less and the sponge layer has a thickness of 1.0 mm
or more. In addition, another polishing cloth according to the present
invention may be of a single layer structure including only a polishing fabric

layer having an Asker C hardness of 65 or higher, in which case a thickness of the



A wafer with an over-polish wdth of 400 mor |ess can be |.ned t he
use of a polishing cl gth havi ng an Asker C hardness of 65 %fr%ﬁ?% eérngyml | e
t he above wafer can be obtai ned using both polishing cloths of a single 5

| ayer structure and a nultilayer structure provided that a hardness of a
contact portion of a polishing fabric layer with a wafer is the above val ue
or higher, in case of the single layer structure the polishing fabric .

| ayer is hard; a contact area between the wafer and the polishing cloth in

he et erParoups T RRE A e BBE by EAMEMERRSY T e’ Shan or ed portion
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is controlled to 400 or. | ess, while the contact area between the wafer
"and the pYTtaR; Bgrtam efn dRlishine fabg layee weth @ wefsriisthe above vadnger
thereby preferably enabling reduction in time for mrror polishing all the
chanfere tigncase offibe vifade layeEsieedtare yhe pylishijngsthbnig lageslizessrdand
thi ckness of ‘the sponge layer, an applicable upper Iimt of the polishing
fabric | ayepntactraesdmtwsentthe wafershichghe fpabishing elpel imithe parigedal C
hardness of 81 or higher, for exanple, can be 25 used with al nbst no
speci fi c dire¢tien isosmpHoviaiedqtbatly { tds potdsshingo sdtatdthas ader2siboygmer 2004
8 hardness with which a mrror-finished surface is obtainable free of
scr atl®hesorder to mirror-polish all the chamfered portion along the peripheral portion
of the wafer, leading to a longer processing time and to poorer productivity.
For this reason, an Asker C hardness of a polishing cloth of a single layer
structure is preferably 78 or less.
In case of a polishing cloth structure of at least two layer including a
15  polishing fabric layer and a sponge layer being laminated, wherein an Asker
C hardness of the polishing fabric layer is 65 or higher and an Asker C
hardness of the sponge layer is 40 or lower, a contact area toward the center
of the wafer can be limited smaller, that is an over-polish width is controlled
to 400 pm or less, while the contact area between the wafer and the polishing
- 20 cloth in the peripheral direction can be large, thereby preferably enabling
reduction in time for mirror polishing all the chamfered portion of the wafer.
Especially, by adjusting hardness and thickness of the sponge layer, an
- applicable upper limit of the polishing fabric layer is raised, so the polishing

fabric layer with an Asker C hardness of 81 or higher, for example, can be

25  used with almost no specific limitation provided that the polishing cloth has a -



and the |ike; processing can be perfornmed with an ext_rem&*l%I\Trogtg};.hf);eq(%004
over-polish width and good productivity. Note that while there i's no
specific limtation on an upper |limtgof the hardness of the polishing
fabric layer, it is 5 practically sufffcient if the upper linmt is an Asker
C hardness of about 90. Moreover, while there is no specific limtation on
alower limt of the hardness of the sponge layer as well, it is
practically sufficient if the lower limt is an Asker C hardness of about

10 Thus. b fgddie vAioh iSRG, L0l Pl 18] AV BLAYEULS d 8 agd. to 10

mirror polish the ered portion o e nere can be OULEFned a
Tonae Copiaci) anieh beLugeD Lhe e srsbd £ gy poli o Sheth e

w Eh an eiab RIS e RO bafi G r Rt S whilR hire ime Perrc sponge
5 m or HEREAEON G af DR e v aBOs Shul Paline fahmiq laseRelids the

olishing cloth s horter to thereby increase the frequency of exchangi ng
.Ito he pgigm lcénuéit%‘i’sfﬁc@att the HPBRJﬁi%lti@ agy Bfkembl hansnespof about 9t 1.3 mm

to 0.7 A thickness _of the sponge |ayer is preferably 1 mmor nore. If
the thi ckiErgoyes, |whie ¢ fhese 11spponppedific lunvesionannesf bwterolimmaikofhghe ar ger
of the coptact area between the wafer and the polishing cloth along the
per i pher yhefriessiol therapoasy lapen b svell fit is beactitedknesfficienteif the dowety
l-arge, it_is difficult to adhere the polishing cloth around the rotary
drum t helefibiean hekehiCchamtress of pbefiet@bl y on the order of 1mmto 2mm 25
As described above, the edge polished wafer can be preferably 2 Novenber
2004 9 manuf act UFlees, ufithg polislappadatihust whe twthéaypel stshengeclsotidedayi ng an
Asker _
10 mirror polish the chamfered portion of the wafer, there can be obtajned a
longer contact length between the wafer and the polishing cloth in the wafer
peripheral direction with a suppressed over-polish width, thereby improving
polishing efficiency and increasing productivity. In this case, with an
excessively thick polishing fabric layer, an effect from a sponge layer
15 decreases; a thickness of the polishing fabric layer is preferably 1.3 mm or
less. With the thickness of 0.5 mm or less, a lifetime of the polishing cloth is
shorter to thereby increase the frequency of exchanging the polishing cloths,
so the thickness is preferably on the order of 1.3 mm to 0.7 mm. A thickness
of the sponge layer is preferably 1 mm or more. If the thickness is less than 1
20 mm, it reduces an effect of making larger of the contact area between the
wafer and the polishing cloth along the periphery thereof. Contrary to this, if
the thickness is excessively large, it is difficult to adhere the polishing cloth
around the rotary drum; therefore the thickness is preferably on the order of

1mm to 2 mm.

25 As described above, the edge polished wafer can be preferably



C hardness of 65 or higher under processing conditions (a lsihgJni Ng
nmet hod) that a polishing load is 2 kgf or nore and a tiltq%ﬁgﬁgmg 2@@2
waf er agai nst the polishing cloth is_én the range of from 40 degrees to 55
degrees. 5 Note that the tilt angle of*the wafer against the polishing
cloth neans an angle forned between the normal of the-polishing cloth and
the wafer and if the tilt angle is less than 40 degrees, non-processing
easily occurs in a boundary portion between the chanfered portion and a

mai n surf h fern: while.nore.than degr ees,, an_over-polish
width is ’?‘%?‘g‘;‘ggr‘“gﬁegd Rk fe FRRATRLS FHHY, P ophefed ?jo‘i’c%%lgi 3P ffrker |
out er nost ,per.ijphera ortion of he wafer.. In arder to caontrol  an
over - pol igﬁh%d%faﬁs tai 62]91’0?)r hﬁq’tﬂr TREY BIHgsRe HARS Sae %u%ﬁl@éw sof t
pol i shing cl ot an Asker .C harqgness, of about 60), a nethod is conceivable
that the P&&E@ fg@%s@i BééSkb‘Bgi SR%AY 4 ]6&%0# gogpAnded. tlf pngls of the wafadi ti on,
however, there arise inconveni ences that a non-polished portion is left and
that it t%&%&%?ﬁ%ﬁ?%ﬁh@wl@%& 1 bhe TanseahiropbrD gleeness tnb5 dedeees o
performefficient edge polishing with the above apparatus in view of
produé i viNple that fhe g\lbﬁ@gbbp%th%atafar peRini thy polaghing dothgfmeamsnone, and
atilt angle of the wafer against the polishing cloth is in the range of
from 40 2@ngledereed hetBeen the aermaiof the pnbiskingt detlnbod ehefdfdfer antd i€dge
polishing may be achieved easily by adopting the polishing cloth having an
Asker C Hur tdesaigdd is5esedhens40rdeprees, Whiipeotwssipeentile decaid ahign i s
| nposed on an upper limt of a polishing load, it is only required that a
si nki ng abountargfpetivaf Brtvieehothe clzbmfeebd Yortigndmd b haic enffaceed tHependi ng
on hardness of the polishing cloth and 2 Novenber 2004 -10 thereafter, the
pol i shi ngwhisad whilprapss lthadetsr degreds,SanasvéOpdiliSkiddh is larger and

10 non-processing further easily occurs in the outermost peripheral portion of

the wafer.
In order to control an over-i)olish width to 400 pm or less using a
conventional relatively soft polishing cloth (an Asker C hardness of about 60),
a method is conceivable that the lowest possible polishing load is applied. In
15 fhis condition, however, there arise inconveniences that a non-polished
portion is left and that it tékes an extremely long time for edge polishing. In
order to perform efficient edge polishing with the above apparatus in view.of
productivity, it is preferable that a polishing load is 2 kef or more, and a tilt
angle of the wafer against the polishing cloth is in the range of from 40
20  degrees to 50 degrees. Furthermore, the above efficient edge polishing may
bé achieved easily by adopting the polishing cloth having an Asker C
hardness of 65 degrees or more.
While no specific limitation is imposed on an upper limit of a
polishing load, it is only required that a sinking amount of a wafer into a

25  polishing cloth is confirmed depending on hardness of the polishing cloth and



over-polish width to 400 j, mor less. Practically, the qufNo{/érH%érf2964the
polishing | oad may be on the order of 5 kgf. 5 Brief Description of the
Drawings: FIG 1 is a descriptive illugfration showing an exanple of a
polishing apparatus for edge polishing according to the present invention,
wherein a part (a) shows the apparatus with a polishing cloth of a
mul tilayer structure and a part (b) shows the apparatus with a polishing
cloth of a single layer 10 structure; FIG 2 is a descriptive illustration

of a mai niipRaehftef, Mb §HUSHLRY 1§Eds n%ﬁ&@agoﬁekgﬁiﬁé&%nksi%VQB;LL{&?”&D FIG 3

is a perspective illustration show fer in an exaggera form 15

FIG 4 isomrShiisH R 8 glng?(ﬁ;[ l‘il\!;sfser P88, iﬁl%e%giagr Eﬁﬁﬁghﬁ&ﬁél nFI G

5 is a cross sectional profi Spéci nen fer e

Ex le 3; I 1 .men waf er edge polished in
Co?rprrgr at ﬁ/gf%}ggﬁg?%&fag%éﬁ?@g‘??{lesla%fs%%‘gs section of the specinen wafer
edge polished in Conparative Exanple 2; FIG 8 is a graph showing results

of values of site flatness neasured at E.E. of 1 mmin Exanples 1 to 4 and

Conparat i ¥4e. l.es. | 3+ FIG 9 is a graph show ng eval uation results
of ngé:'a- p%fﬁegﬁe\%ﬁHPﬁgni“E%h??réi"alﬁgﬁ‘es 5 to 19 and Conparative :Ex-arrp:c es 4 to
. 6; 2 Novenber 4 FIG . 10 is a graph show ng evaluation results of
contact |engths 2@'& ]slisc?p‘ilﬁ?@r@éﬁ’leilgiﬁ@%aﬁlm%g am expmplepia rodighanat i ve

Examples 4 to 6; EIG ,11 if- ﬁ graph showi ng eval uation results of contact
| engt hs ofpparatis for edge polishing according to the present invention, wherein a

part (a) shows the apparatus with a polishing cloth of a multilayer structure
and a part (b) shows the apparatus with a polishing cloth of a single layer
10  structure;
FIG. 2 1s a descriptive illustration of a main part of an edge bolished
wafer of the present invention;
FIG.3 is a perspective illustration showing a wafer in an
exaggerated form;
15 FIG. 4 1s a site map of a specimen wafer edge polished in Example 3;
FIG. 5 is a cross sectional profile of the specimen wafer edge polished
in Example 3;
FIG. 6 is a site map of a specimen wafer edge polished in
Comparative Example 2;
20 FIG. 7 i1s a cross section of the specimen wafer edge polished in
Comparative Example 2; |
FIG. 8 is a graph showing results of values of site flatness measured
at E.E. of 1 mm in Examples 1 to 4 and Comparative Examples 1 to 3;
FIG. 9 is a graph showing evaluation results of over-polish widths in

25 Examples 5 to 19 and Comparative Examples 4 to-6;



edge sections in Exanples 5 to 19 and Conparative Exanples) & t8.0. -80k! G
12 is a descriptive illustration show ng an exanple of a prior art edge
pol i shi ng apparatus, wherein a part ((—11 shows the apparatus with a
polishing cloth of a multilayer structure and a part (b) shows the
apparatus wth a polishing cloth of a single |layer structure; and FIG 13
Is a descriptive illustration of a main part of a prior art edge 10

pol'i shed wafer. Best Mdde for Carrying Qut the Invention= Description wll

be Gven, of one Rl Bl RSB HCTLIAR oSBT 1% 1,

acconpanyi ng draw ngs. nee t0 say

figures oy ed.byw. way ;of .i |l lystratyon and. vari ous, chapges and

ol 11 cat RLEGRoTRE: Sy SRALLNe ool AT R Btre TP ioebt Fom t he
techni cal conce f,,the present invention FIG 1 shows an edge polishing
appar atus 10a a@’ggﬂ?&]‘n’& %Er%ﬁé Shﬂw&%ﬁf’a‘owgﬁ’t?e@ﬁ,ltsvﬁic@ﬁt@@ lengthself to the
prior art parat us.1Q, sho i_n 0 F 12 in terns of basic construction,
but is di‘?‘%@rsé?ﬁ IOPﬁéIFg‘f"raéﬁ‘Rvﬁgﬁ5ttﬁalt %’h‘i%@%ﬂ@a&’é@(ﬁ%ﬁpbﬁi%@ @1 ot hs

(pol i shing pads %%A and 17B different in structure, especially hardness,
i nste&d of the )pprl rlza’rstab@ﬁ‘i"rémlﬁ% ilpgrptiopphomene vy paaimple 0BA pmor 16B.
Therefore, there is not repeated the second description on the points

ot her t haAttedge polisbnmareausins, wherdin@ part (phehewusthorppamituarwith2b
reference synbols are used to designate the same or simlar nmenbers. 2
Novenber z@Ehing ploth ofp mudglayessetuadese R edpatiothbd shewashk, apgfensusar
shown an exanple of a. polishing cloth (polishing pad) of a single |ayer
st r uct ur evithlapolistgpl)cjothnaf sasinglealmyee stofuctimas amfl a nul ti-| ayer structure
constituted of two sheets (FIG 12(a)). As described above, however, in
the published p#il€nfl3 is a descriptive illustration of a main part of a prior art edge

10 polished wafer.

Best Mode for Carrying Out the Invention:
Description will be given of one embodiment of the present invention
below based on the accompanying diawings. It i1s needless to say that
15 examples shown in the figures are presented by way of illustration and
various changes and modifications of the examples may he made without
departing from the technical concept of the present invention.
FIG. 1 shows an edge polishing apparatus 10a according to the
present invention, which is similar to the prior art apparatus 10 shown in
20  FIG. 12 in terms of basic construction, but is different therefrom in that there
are used polishing cloths (pblishing pads) 17A and 17B different in structure,
especially hardness, instead of the prior art polishing cloths (polishing pads)
16A and 16B. Therefore, there is not repeated the second description on the
points other than the polishing cloths. In FIG. 1, the same or similar

25 reference symbols are used to designate the same or similar members.



5 application there is disclosed neither necessity for conﬁmbj?ﬂlggz@ 4
over-polish wdth of a chanfer in processing a main surface of a wa to
a high flatness |I|evel, nor teachingsjof. a preferable hardness of the
polishing cloth 16B of a single layer structure for reaching the solution
of how to control the over-polish width, of a preferable range in hardness
of the sheets 16a and 16b 10 constituting the polishing pad 16A of a

mul tilayer structure, and of the distribution ratio in hardness between

the sheets 16a gpdjpeR. 9@"18859@ désl@ﬁb@@' b%%”@s Gheltt htcheZ %}.‘%rsp(g?ﬁ‘ 0' | shing

of the present invention is cl ear y d|f erenti ated 'ng pad

100 of 2 Sbihblowisl poRlkuelab, GRIREIREAaNof BSRHBL P0CH NG G | L

application, |ntha t he poI| ot'h

o fom L8 ®peand LRI BN B4 B &k B Mver! SRR SonBNELRY k00" ©

polishing fa ayer a an |nner Spon € o yel 17 Y bed
hnges. gase edne patdRr R ?58?1209 BGles Hobraver, 1 b oplisbolimatont | css)
mde & B &ﬁ%givoén%%e% ecfagin %t%%%ﬁﬁﬁs'z' SRR ralbcs syWCReksh T osi n
an Asker Wl Gt “%&@Séw?gééfﬁ%é%fé?ééﬁgfwﬁég ton hiEbibtness be
500 (an J8YALRSF ‘EPinnale. BrevEyilc aapanesool dre POkSring daidieBsolot B1)
Aoker © raREle igy%ﬁ%%&%w%?of%‘mé%@%hﬁa%&?% 26 kbt I candrd Sponge

menber is a value neasured with an Asker C type rubber hardness neter, one
kind of £L¥esmobighiradiheaia praferable Tange irshardrmsaef the sheets 16a and 16b

10 constituting the polishing pad 16A of a multilayer structure, and of the
distribution ratio in hardness between the sheets 16a and 16b.

That is, the polishing cloth 17A for edge polishing of the ;present
invention is clearly differentiated from the polishing pad 16A of a multilayei-
structure described in the published patent application, in that the polishing

15 cloth 17A is, as shown in FIG. 1(a), of a multﬂayer structure constituted of at
least two layers, an outer polishing fabric layer 17a and an inner sponge
layer 17b, and by specifying hardness of each of the layers in the respective
prescribed ranges, good-edge polishing (with an over-polish width of 400 um
or less) is enabled. |

20 It.is necessary that the polishing fabric layer 17a is made of
non-woven fabric, resin-treated non-woven fabric, synthetic resin foam or
synthetic leather, or a co_mposite thereof and hardness thereof is én Askér C
hardness of 65 or higher and preferably 68 or higher; to be detailed,
preferably used are Suba 400 H (an Asker C hardness of 68), Suba 600 (an

25  Asker C hardness of 78), Suba 800 (an Asker C hardness of 81) made by Rodel. -



5 accordance with SRI'S 0101, which is a standard of the SQPN?&&nQ% Rybber
I ndustry, Japan. Materials used in the sponge | ayer are not |n1te§ In a
specific way but should have flexibility to be attachable to the rotary
drum and hardness of 40 or less in téPis of an Asker C hardness. For
exanpl e, sponge-like 10 silicone referred to as a silicone rubber sponge. or
sinply, a silicone sponge, or the like material may be preferably used.
Furthernore, the sponge layer is not limted to such sponge foam

mat eri al ngtﬁénl% besi des thﬁhf oam materials there may be used elastically
def or mabl S A ORI AREOERHEr dness falls in a desired range. Note that
while the lower _Limt of rdpness .of the sponge layer 15 is not specified
either, it shoull'texﬁé“’&%ﬁ 2 ﬁwréﬂe%srféldé?%mg bardgiesp gt p@okshitg elath Asker C
hardness. The sponge |layer 17b is set |ower than the polishing fabric |ayer
17a in t3t BPOINEY HIRRe Y Ar Blifier ®@aswrase with am Asker (Ctipe dmbber of 40
or lower. The polishing fabric layer 17a is preferably 1.3 mmor less in

t hi cknesshandaesponetes, sperdgad ofyarspritty hergnesseteabtty T0s imeovahmr i n

t hi ckness. Moreover, the gol ishing cloth 17B for edge polishing is, as
‘shown5i n aep@ancebyithoSRISSOHYI, ewhidpeis ststandard of chstSdcidtgdooRudbpsl i shi ng
fabric layer 17 alone, but is distinctly differentiated fromthe polishing
pad 16B dmdamssinglapanl ayer structure described in the above published
patent application in that by 25 specifying hardness of the polishing

fabric layer inMafpredsnisbddnrthegpongodsyst NeveodkniA0kh a bpegdiaayppl i shing
treatnent (with an over-polish wdth of 400 mor less) is enabled. As

mat er i al shwif shovidliliaski firgkibidivyito Heaytesclaible he thekbslyiueh abll HeARnkes edge
polishing, those simlar to the above polishing fabric |ayer 17a may be
applied. of 40 or less in terms of an Asker C hardness. For example, sponge-like
10  silicone referred to as a silicone rubber sponge or simply, a silicone sponge, or
the like material may be preferably used. Furthermore, the sponge layer is
not limited to such sponge foam materials, and besides the foam materials
there may be used elastically deformable materials whose hardness falls in a
desired range. Note that while the lower _limit of hardness of the sponge layer
15 isnot specified either, it should be practically on the order of 10 in terms of an
Asker C hardness.
The sponge layer 17b is set lower than the polishing fabric layer 17a
in terms of hardness and required to be of an Asker C hardness of 40 or lower.
The polishing fabric layer 17a is preferably 1.3 mm or less in thickness and
20 the sponge layer 17b is preferably 1.0 mm or more in thickness.
Moreover, the polishing cloth 17B for edge polishing is, as shown in
FIG. l(b), of a single layer structure constituted of a polishing fabric layer 17
alone, but is distinctly differentiated from the polishing pad 16B of a single

layer structure described in the above published patent application in that by

25  specifying hardness of the polishing fabric layer in a prescribed range, good



5 I'n an edge polished wafer Wa according to the present i nvRBL&Rbbr 2804
over-polish width 32 caused by edge polishing is controlled to 400 jim or
less as shown in FIG 2. Wth such ajgtructure, even when an edge
exclusion area (E. E) for neasurenent on a wafer surface is 1 mm the sum
of the chanfer (500 'n) and the over-polish wdth (400 mor less) is 900 m
or less; 10 therefore, no peripheral sag is generated so that flatness of
the wafer is not affected thereby. In order to nanufacture an edge

pol i shed y@fepoMéhRGCOEdiRgnt Qw;ﬂheanpwemgishnwﬁggﬁ PLREINGS LR ;ig he

pol i shing apparatus 10a wth the polishi'ng cl ot r

pol i shi nge@e118A dA B G 4@ riafe o gﬁ%%]{ulr%ﬁf?hg\éﬁ%égoﬁghg%%%s ?rllﬁii 31%}?37??1%% tilt

performed in conditions that

angle of { f &5 nk0 l:i.s.hi cloth 14.hs in the, range of from 40
degr ees to&%%ﬁ?e%?%lg’s ?ﬁ%gt%%%a:{tw Qp%‘ee %l?qtvte %Oétf’:hén%?a]?ﬂg lﬁééefre??a S A&t the
pol i shi nga@ﬂ%df: 17 nmeans an angle forned between the normal of the
pol i shi ng oth surface and the wafer. 20 By edge polishing under a

presswe of 2 k or red.n ter a pol.ishing |load, a stock renoval
can- bctaé'r i ncr eased;” W?gg‘? H%hélé%ﬁwgfetrﬁ&ﬁ aecﬂ&éimE&P 18 PrgseinpanEpRLRYy
performed _even.in a.sho ti W t hout ] eaving an unpol i shed portion.

Wi | e no %‘beéfcﬁ"#fsgl WF%‘E’t @ F%‘Eﬁré%sbx Pri’;%%eaﬁglﬁnaﬁs @Baérﬁlhedrﬁpﬁlﬂ(bmnx ¢ielegs| i shi ng
load, it is suffici plryact&li caH% if a value of the order of 5 kgf 25 is
set to th®® SPER it 2 MFbRschs grupipre cevemyhanan edgergpcdusiantarea r ange
of 2 Nove@ f2004 .15 from 40 degrees to 55 degrees, a sloping section and
a | eading ﬁ@e O deeiPHesrent Pcp AAIar suriace iisndl man dbesium péithe mbadnfer be
effectived edge polished so that the working tine nmay be reduced and the
product i v'%’&‘? ped  ther eegyepplishf wittle MO0 tpmngt desss 1se9Q0 tihanok Gestegr ees,

non-processing is easy to occur in a
10 therefore, no peripheral sag is generated so that flatness of the wafer is not

affected thereby.

In order to manufacture an edge p‘o]ished wafer Wa according to the
present invention by the use of the polishing apparatus 10a with the
polishing cloth17A or 17B for edge polishing according to the present

15 1invention, edge polishing is performed in conditions that a polishing load is 2
kgf or more and a tilt angle of the wafer to the polishing cloth 17 is in the
range of from 40 degrees to 55 degrees. Note that the tilt angle of the wafer
against the polishing cloth 17 means an angle formed between the normal of
the polishing cloth surface and the wafer.

20 By edge polishing under a pressure of 2 kgf or more in terms of a
polishing_loe_xd, a stock removal can Be increased, With the result that edge
polishing_ can be stably performed even in a shoft time without leaving any
unpolished portion. While no specific limitation is imposed on an upper limit
of the polishing load, it is sufficient practically if a value of the order of 5 kgf

25  1s set to the upper limit. Furthermore, by setting a tilt angle in the range of



5 boundary portion between the chanfer and a main surface,zmbénebé;@owe
other hand, if exceeding 55 degrees, an over-polish w dth increases and
further non-processing is easy to OCCLi in the outernost peripheral section
of the wafer. FIG 3 is a perspective Pl'l ustrati on showi ng a wafer Win an
10 exaggerated form wherein a reference nuneral 34 indicates a portion in
the vicinity of the main surface of the wafer Wreferred to as a sl oping
section and a reference nuneral 36 indicates a portion in the vicinity of

t he out er gost er| er eof ferred 0 as ng .edge section. A
refer ence’{{D %ﬁi %ﬁo‘recgﬁf’%% BBtha%qc 1I°é‘n9§¥% ng@ dgréeghigpiofg
section 34 ﬁnd the 15 pO|IS cloth 17 and a reference nuner al 36a

i ndi cat es? §:aBYienare plEngtane Sweehslii%tq ke affpefiealyedge polishedsodhat t he
pol i shing cl oth 17. The longer the contact |engths 34a and 36a are, the
shorter tHe Ferfiag; thgernas bawdreed andithepredpetvids may ibepnovensadpdfi shi ng
effici enc%/ to that extent Wiile description will be given.of the present

i nvent i onthentidt aoele ipsadhanl 4¥ dearers: noakprogessingliamakpsto odcursnneed| ess
to say that the exanples are presented by way of illustration and should

not bé cobeinday byrtway betwedr the athismnfer (dhdhmphesn Isurdack, anhilCapahat i ve.
Exanples | to 3) As specinmen wafers, there were used wafers obtai ned by

chanf er i ngthe2Shaed,i ﬁhexc&ledia:@ﬁimdegmes,vvaheb%mpélke}a vélldgleinete e s 280 nm and
a crystal axis 2 Novenber 2004 -16 orientation of <100>, followed by

et chi ng. Arthanfiet-pobcosaimy ispagy tevcy@f € thd sutdvRioeEhedpheradgetipaldfshi ng
using one of 7 kinds of polishing cloths shown in able | in an edge

pol i shi ngtlapwpafat us as shown in FIG 1, respectively. Table 1

FIG.3 is a perspective illustration showing a wafer W in an
10  exaggerated form, wherein a reference numeral 34 indicates a portion in the
vicinity of the main surface of the wafer W referred to as a sloping section and
a reference numeral 36 indicates a portion in the vicinity of the outermost
periphery thereof referred to as a leading edge section. A refereﬁce numeral
34a indicates a contact lvlength between the sloping section 34 and the
15 polishing cloth 17 and a reference numeral 36a indicates a contact length
between the leading edge section 36 and the polishing cloth 17. The longer
the contact le;ngths 34a and 36a are, the shorter the polishing time becomes;
it is expected to improve a polishing efficiency to that extent.
While description will be given of the present invention in a more
20  detailed mar.mer‘taking up examples, it is needless to say that the examples
are presented by way of illustration and should not be construed by way of
Limitation.
(Examples 1 to 4 and Comparative Examples 1 to 3)
As specimen wafers, there were used wafers obtained by chamfering

25  peripheral sections of wafers with a diameter of 200 mm and a crystal axis



5 Processing conditions Polishing |oad2.5 kgf Drum rotati opNgReaed3@ospm
Tilt angle of a stage4550 Polishing tinel50 sec. (tinme required for one

tation of a wafer) Conparative Sin-Eganple | Suba-Lite le g |ayer
Eﬁot hConpar ativeSub?al 4ongxarrpI e 2 Polishi | Exanmple 4Suba 600 th ng ¢ o
Exanpl e 1Suba 400H + Sponge nmenmber Miltilayer Exanpl e 2Suba 600 + Sponge
menber cl ot hExanpl e 3Suba 800 + Sponge nenber Conparative Exarrpl e 3Suba 400
+ Sponge nenber
orientation of <100>, followed by etching. A chamfer of each specimen wafer

is subjected to edge polishing using one of 7 kinds of polishing cloths shown in

Table 1 in an edge polishing apparatus as shown in FIG. 1, respectively.

Table 1
5 Processing conditions
Polishing load 2.5 kegf
Drum rotation 800 rpm
speed
Tilt angle of 45°
a stage
Polishing time 150 sec. (time required for one rotation of a wafer)
Comparative Suba-Lite
) Example 1
Single C "
layer cloth | ~ormparative Suba 400
Example 2 _
i Example 4 _ Suba 600
TP ing clot
olishing cloth Example 1 | Suba 400H + Sponge member
Multilayer Example 2 Suba 600 + Sponge member
cloth Example 3 Suba 800 + Sponge member
Comparative
Example 3 Suba 400 + Sponge member

Hardness and thickness of polishing cloths and sponge members
(silicone sponge) shown in Table 1 are as follows:
Suba-Lite (made by Rodel Nitta Company): an Asker C hardness of 53 and a
10 thickness of 1.27 mm
| Suba 400 (made by Rodel Nitta Company): an Asker C hardness of 61 and a
thickness of 1.27 mm
Suba 400 H (made by Rodel Nitta Company): an Asker C hardness of 68 and a

thickness of 1.27 mm

15  Suba 600 (made by Rodel Nitta Company): an Asker C hardness of 78 and a



Har dness and thi ckness of polishing cloths and sponge nenbgey; I hihgone
sponge) shown in Table 1 are as follows: Suba-Lite (nmade by %caéﬁérﬁpt@?a
Conpany): an Asker C hardness of 53 and a 10 thickness of 1.27 nm Suba 400
(made by Rodel Nitta Conpany): an Askéf "C hardness of 61 and a thickness
of 1.27 mm Suba 400 H (nade by Rodel Nitta Conpany): an Asker C hardness of
68 and a .thickness of 1.27 nm 15 Suba 600 (rmade by Rodel Nitta Conpany):
an Asker C hardness of 78 and a 2 Novenber 2004 -17 thickness of 1.27 mm
Suba 800 de b | Nitta Conmpany): an Asker C hardness of 81 and a
t hi cknesstg%@nf%&we%ghge menber: an Asker C hardness of 35 and a
t hi cknes f mm.5.1n_Tahle 2 there are shown over-polish wi dths of the
speci man%‘&?é‘f %Q(g(‘?ﬁgﬁé’@{]%‘&‘?ﬁqoﬁgﬂﬁ W IBAT AB Adken Cpélarglﬁﬁ%g)f(ﬁ]o@h@ a The
over-polish. width was obtained by perform ng observation on a magnified
irrage‘of'tgfwk”@%@”r@gtm&ri pheral “section (a chanfer) of each of the
speci nen wafers with a video mcroscope to evaluate a wwdth (length) of a
mrror poiRcEgeduprberan Agken Chandness of Bhead hthiebhessusi hg mmboundar y
‘bet ween the chanfer and the outernost periphery of the nmain surface as
refer@nce. Tabl &nZT#blad8 tdferpoiuies shogncbutsisdr widths bf witdt Bsediompar at i ve
Suba-Lite600 Ftm 50 [tm Exanple 1

wafers subjected to edge polishing with polishing cloths. The over-polish -

width was obtained by performing observation on a magnified image of an
outermost peripheral section (a chamfer) of each of the specimen wafers with
a video microscope to evaluate a width (length) of a mirror polished portion
10 on a main surface thereof, using a boundary between the chamfer and the

outermost periphery of the main surface as reference.

Table 2 .
Kinds of polishing cloths Over-polish widths
Comparative )
Example 1 Suba-Lite 600 pm + 50 um
Comparative
Example 2 Suba 400 600 pm + 50 um
Comparative
Example 3 ‘Suba 400 + Sponge member 500 pm = 50 um
Example 1 | Suba 400H + Sponge member | 400 pym + 20 um
Example 2 | Suba 600 + Sponge member 200 pm + 20 ym
Example 3 Suba 800 + Sponge member 100 pm + 20 um
Example 4 Suba600 | 150 pm + 20 um

The results of edge polishing show the fact that even if the same

| 15  condition is applied when hardness of the polishing cloth is low, the over
- polish width is varied easily. In case of an Asker C hardness of 65 or lower,

the variation of the over-polish width was on the order of + 50 um or more.

. On the other hand, in case of an Asker C hardness of 65 or higher, it was



Conpar ative Suba 400500 m 50 tm Exanple 2 Conparative SquNﬂngﬁxgggmge
menber 500 m 50 m Exanpl e 3 Exanpl e 1Suba 400H + Sponge nenber400 m m
Exanpl e 2Suba 600 + Sponge nenber 200 .mg 20 m Exanpl e 3Suba 800 + Sponge
menber 100 m 20 m Exanpl e 4Suba600150 ‘'m 20 m The results of edge polishing
show the fact that even if the same 15 condition is applied when hardness
of the polishing cloth is low, the over polish width is varied easily. In
case of an Asker C hardness of 65 or lower, the variation of the

over - pol i Skss1hIEtid Na8ra3R tho& M8 BfF]he‘Sﬁvé? B0134IPGRdeh %tﬁ@ o gégha”d in

{

case of an Asker C hardness o? 65 or

possi bl e to @3 N he variation of the over-polish wdth to the | evel of
the order ? H] "Then, the edge polished speci nen wafers were each

v er pol i shi nésﬂﬁé (28 SRR %@%gﬁ‘ﬂegﬁ%fﬁf@féQ%%l%"@%%ﬁ'%@ﬁﬁ?# 3 e
ther eof db@?‘%gl TR AIE P pER Bth eEftrodi g im ettt Yaberpolelvee) i ze
opt od rRReRR gf?}ﬂl fi a@léﬁige%mié%u?f AoTBF e ke THEC I PR SE e
Front | eagéens o%tcgmﬁgg go o1|dasd gih\ég | allj stock removal thereof being 10 pm. A cross
' section and site flatness (SFQR: a cell size of 25 X 25 mm at an E.E. of 1 mm)
of the wafer were measured with an optical non-contact flatness measuring
device.
10 The term SFQR (Site Front least-sQuare Range) is a value
indicating the biggest range of the unevenness against an avefage surface of
a front side reference that was calculated at each site (cell) with reference to
flatness.
In FIGs. 4 and b there are shown a site map and a cross section in
15 terms offlatness in Example 3 (Suba 800 + Sponge member), respectively. As
1s apparent from FIG. 4, bad sites in Example 3 were 1/52 = 2%, a good site
yield being 98%. In Example 3, it was confirmed, as shown well in FIG. 5,
that no peripheral sag was perfectly generated. The good site herein means a
site where SFQR is 0.18 pm or less.
20 Furthermore, in FIGs. 6 and 7 there are shown a site map and a
cross section in terms of flatness in Comparative Example 2 (Suba 400). Asis
apparent from FIG. 6, bad sites in Comparative Example 2 were 21/52 = 40%,
a good site yield being 60%. In Comparative Example 2, it was confirmed, as

shown well in FIG. 7, that a peripheral sag was generated.

25 In FIG. 8 there are shown results of site flatness in Examples 1 to 4



i ndi cating the biggest range of the unevenness against an ?N?{"Q'ﬁg‘%r%ﬁ{ ace
of a front side reference that was cal cul ated at each site (ce W th

reference to flatness. In FIG. 4 and b there are shown a site nap and a
cross section in 15 terms of flatnessin Exanple 3 (Suba 800 + Sponge
nmenber), respectively. As is apparent fromFIG_ 4, bad sites in Exanple 3
were 1/52 = 2% a good site yield being 98% In Exanple 3, it was
confirmed, as shown well in FIG 5, that no peripheral sag was perfectly

. : » . _ or
Tese, 20 Eid Rupa e %X%%EE%%@%&%%mld&%@%%&ﬁ%‘s@ f ﬁigﬁ%g) a
' N : . f: arativ anpl e ) .
cr 5% Sochh Vel folieh agl i hBBRRE P BIRLAL NG SRTRR Aol S2507)
cont i rmect? S8terkfith AEnREH T TERE <A 810 TaasuEriher Ao exloie Hewat at ed.
: [ in Ex I l1to 42
Novenber TBUHTISb Tt CHRAEaCT JOBL R S5HanderbopRatisce Sdhan 18 of 1
nm I%FI G 8, an.overi(ﬁ(()),‘lssit sh width is assigned to the abscissa and a good

site Y el 4% 81&PARLe Yig it Hatnpsswas shaw 0% reRn: over-oliss wjidth of

assi gned the ordinate. It was confirnmed that at an EE of 1 nmwth a
st andar d %‘?0 Pk 0% Bxre siaopxangplega goghsite sgeloddofsiiteeflgtndss wds 62%eatf 4mt ness
was about 60% at an _over-polish width of 500 gmor nore, for exanple, a
good si t eo¥arapishs wiqdtheof 5@1@ Has endess geodsite yield of/site flotneds wadtahoot 600 gm
and a good site. yield of site flatness was about 60%at an over-polish
wi dth of 6¥6 afnpnwiver@olishiwilthorft 5 e volvide with ias tontnbliéd coér-p6hsigm or
| ess, a good site yield was inproved to 90% or nore. 10 That is, SFQR
val ues arwidihmfst00guin @ 1e8s,gneord $iés sicdd messingpuedl a6 ©0% or more.
10 That is, SFQR values are almost ail 0.18 pm or less across a surface
of a wafer; therefore, it is essential to improve a good site yield in a wafer
peripheral section for increasing a good site yield, which can be achieved by
controﬂing an over polish width. It was confirmed that by changing kinds of
polishing cloths used in edge polishing, an over-polish width was able to be
15  controlled to 400 pm or less, which is a value greatly lowered from 500 pm
achieved by the use of the polishing cloth Suba 400 (Comparative Example 2)
that is mainly used in the current practice.
Moreover, in measurement at an E.E. of 1 mm, a peripheral sag was
observed in the wafer peripheral section in case of an over-polish width of 500
20  pm. Even in measurement at an E. E. of 2 mm, a good site yield sometimes
decreased when an over-polish width was on the order of from 500 to 600 pm.
This is considered because a polishing agent easily intrudes into an over
polished portion which is excessively polished, with the result that the main

surface of the wafer is affected up to a portion in the vicinity of 2 mm from the

25 periphery thereof, although this is dependent on an operating condition for



of a wafer; therefore, it is essential to inprove a good s} Ngv¥hsddobh a
waf er peripheral section for increasing a good site yield, which can be
achieved by controlling an over polisgpwi dth. It was confirnmed that by
changi ng kinds of polishing cloths used in edge polishing, an over-polish
wi dth was able to be 15 controlled to 400 gmor |ess, which is a val ue
greatly lowered from 500 gm achieved by the use of the polishing cloth
Suba 400 (Conparative Exanple 2) that is nainly used in the current

practi ce. phliskmgethe imaireaatfhesenin ahsadbffak. oval-phbLidH wdd e b PR ﬁln sag was
observed in the wafer peripheral section in case of an over-polish Wi dth of
500 20 gimowiever) the dbas WobsPilendl wal nbt obser9bd2 MM a good site yield
soneti mes decreased when an over-polish width was on the order of from 500

to 600 gm(ExbRipslesS t@qrsséﬁ&(}%&lbﬁﬁﬁﬂé%faﬂgjés%wﬂ@ agent easily intrudes
into an over polished portion which is extessively polished, wth the

result that the H@%ﬁeciﬁéﬁfﬁﬁgergftﬂqu. E%se{i%vaﬁ%ﬁs?%t%ﬁ?%g‘a%ﬁhgﬁ&é){i%ligon in

the vicinity of 2 mmfromt 5 peri phéry thereo

dependgnt p@ﬁpﬁlera%fcﬁbhg%fmg}é%gﬂqréo iafheblOY 968 22000 d 2P S Ly 0tald L

mai n surface. In case of an over-polish-w sy And gtk esrystale apove

not ed treng; - 0b . a es,5.to 19 and Conparative Exanples 4
to 6) As g%éﬁ@n%%&%ﬁeoﬁgm?%éﬁgﬁﬁéﬁtﬁ%%%f ers obtai ned by chanfering 5

e Bher ok SeeLine S AL WA S AL et of 200 and R
Tabl e 3 wir i RS ISR T PE et HoBPTS ety thSaudovelert palispmadloadskgl
(Exanpl o5 e §uomsd, $eke3 Fuiipldiy ooy A Ao, BrarperayatimhBrample.
10 4), 2.5 kef (Examples 6, 9, 12, 15 and 18, and Comparative Example 5), and 8
kegf (Examples 7, 10, 13, 16 and 19, and Comparative Example 6), and edge

polishing was performed with a edge polishing apparatus as shown in FIG. 1.

Table 3
Processing conditions
Polishing loads 2 kgf, 2.5 kgf , 3 kef
Drum rotation
speed 800 rpm
Tilt angle of
45°
a stage
Polishing time A wafer was polish‘ed for 10 sec. at a fixed position
without rotation
Comparative ' )
Single layer | Examples 4 to 6 Suba 400 (1.27
cloth Examples
5 to 7 Suba 600 (1.27mm)
Examples Suba 600 (0.7mm)
Polishing cloth 8 to 10 + Sponge member (2mm)
_ Examples Suba 600 (1.27mm)
Multilayer 11to 13 + Sponge member (Zmm)
cloth - Examples Suba 600 (0.7mm)
14 to 16 + Sponge member (1mm)
Examples Suba 800 (0.7mm)
17 to 19 + Sponge member (2mm)




kgf (Exanmples 7, 10, 13, 16 and 19, and Conparative ExarrplfNﬁ,),em@é?QO%fige
pol i shi ng was perforrred with a edge polishing apparatus as shown in G

Tabl e 3 Processing conditions Poli shtgg | oads2 kgf, 2.5 kgf , 3 kgf Drum
rotation speed800 rpm Tilt angle of a Stage450 Polishing tinmeA wafer was
polished for 10 sec. at a fixed position w thout rotation Single

| ayer Conpar ative Suba 400 (1.27nm) Exanples 4 to 6 cl ot hExanpl esSuba 600 (1
27mm) 5 to 7. Exanpl esSuba 600 (0.7mm) Polishin 8 to 10+ Sponge nenber

) <18 A L el T
Exanpl espa8P0uldk MM Table 3 were the same as those described above.
Measurement was performed on an over-polish width of each of the edge
polished specimen wafers, and contact lengths of the sloping section and the
5 edge section shown in FIG. 3, the results of which are shown in FIGs.9 to 11,
respectlvely

As is apparent from FIG. 9, in edge polishing with a soft polishing
cloth (Suba 400) of a single layer structure, over-polish widths of specimen
wafers were 500 um or more for any of polishing loads, while when a
10  polishing cloth falls within a range of hardness conditions for a polishing
cloth of the present invention, an over-polish width of each specimen wafer
was able to be controlled to 400 pm or less with any of polishing cloths of a
multilayer structure (Examples 8 to 19) and a single layer structure
(Examples 5 to 7). Moreover, it was confirmed that even when the polishing
15  load was changed and when thickness of each layer of the polishing cloth was
changed, using any of the polishing cloths according to the present invention

the over-polish width can be controlled to 400 yum or less.
Furthermore, as shown in FIGs. 10 and 11, in the polishing cloths of
a multilayer structure according to the present invention (Examples 8 to 19),
20  the contact lengths of the sloping section and the edge section are both longer
than those in the polishing cloths of a single structure (Examples 5 to 7 and
: Comparative Examples 4 to 6); when a rotational frequency of the polishing
cloth (the rotary drum) and a rotation speed of the wafer are both constant,
the polishing rate are increased. Therefore, it can be seen that a time

25  required for edge polishing is reduced to that extent so that the polishing



17 to 19+ Sponge nenber (2mm 2 Novenber 2004 -21 Val ues of NDaLHRES909f

polishing cloths and sponge nenbers (silicone sponge) used in Table 3 were
the same as those described above. Mpasurenent was perfornmed on an
over-polish width of each of the edge polished specinen wafers, and
contact lengths of the sloping section and the 5 edge section shown in FIG
3, the results of which are shown in FIGs.9 to 11, respectively. As is
apparent fromFIG 9, in edge polishing wth a soft polishing cloth (Suba

400) of afftRetyid A¥Rintakbsedlyifpr8¥ed - Pol i sh widths of specimen wafers
were 500 m olr rr%re for atr%y ofy;%olpirshi ng | oads, while when a 10 polishing

cloth falls wth r L i f a._: I shin cl oth of
the present i nv?r{{]it%%,&gggol\%r@g{) ?Eﬁ%ﬁgﬁpﬁﬁ%f&@ghgége%ﬁ ien%g\llfa g‘rlre was

o 1 AL SN T Y 1 B SRR °
I 7). | t fi d,that even whegn the polishing
15 T ond ok ik ahﬁ"%g%ﬁh% ﬁﬂ?’?ﬁ%@@é‘%}a%g}gjﬁl éi‘?’"ﬁ??ﬂ Fsting el ot
. US ol.i shin 0 a ng.. .
venti onc RS AR RS BrlGr Y uaine? é@ﬁ?@&i%g%’ &g%@nmefmhué@%
in E A d o h I shi ths o a
il 1+ ayaP B08S PR R itk Ripria er s it o ShAS stont, (EbeTap 85O t o 19),
I h f th | opi ng, tion and_the edge section are bot
|2gntggre f ﬁgﬁ‘il%tc%segg% tﬁﬁgaadwﬁg%o%gﬁg?@?tﬁgs I@?ﬂ@OH@M@ 408ty er less. (Exanpl es 5

to 7 and Corrpa#ao'%i ve Exapples 4 to 6); when a rotational frequency of the

pol i shing cl ot Note hehatottapy Paesent imcerdiarotigt neh bpdted db the abdwr are

both constant, the polishi n% rate are increased. Therefore, it can be seen
t hat a tie,%bodlment. e in the above Examples, description is given of the

10 present invention taking up silicon wafers as examples, the present invention
can be applied in a similar way to any other wafers such as a quartz wafer
and a ceramic substrate wherein high flatness is required, the peripheral
section is chamfered, and further edge polishing is necessary for preventing

particle generation from the chamfer (for improving surface roughness of the

15 chamfer).

Capability of Exploitation in Industry:
As described above, an edge polished wafer of the present invention
is clapable of suppression of a wafer peripheral sag and achievement of good
20 flatness. By the use of a polishing cloth for edge polishing of the present
invéntion, there can be efficiently manufactured an edge polished wafer
having an over-polish width controlled to 400 pm or less. Furthermore, with
an apparatus for edge polishing provided with a polishing cloth for edge
polishing of the present invention and a method for edge polishing using the

25  apparatus, an edge polished wafer of the present invention can be efficiently



25 required for edge polishing is reduced to that extent

polishing 2 Novenber 2004 -22 efficiency is advantageousl;Pwhgﬁgvgggoﬁh t he
ot her hand, in the polishing cloths o% a single structure according to the
present invention (Exanples 5 to 7), ﬁe contact lengths of the sloping
section and the edge section are both shorter than those in the 5
polishing, cloths of a nmultilayer structure (Exanples 8 to 19); a tine
required for edge polishing is disadvantageously |onger to that extent,
wher eas then@fadtsrélp change in that an over-polish width is controlled to
400 mor less. Note that the present invention is not l[imted to the above
enbodi nent. While in the above Exanpl es, description is given of the 10
present invention taking up silicon wafers as exanples, the present
invention can be applied in a simlar way to any other wafers such as a
quartz wafer and a ceram c substrate wherein high flatness is required,
the peripheral section is chanfered, and further edge polishing is
necessary for preventing particle generation fromthe chanfer (for

i nprovi ng surface roughness of the 15 chanfer). Capability of Exploitation
in Industry: As described above, an edge polished wafer of the present
invention is capable of suppression of a wafer peripheral sag and

achi evenent, of good 20 flatness. By the use of a polishing cloth for edge
polishing of the present invention, there can be efficiently manufactured
an edge polished wafer having an over-polish width controlled to 400 m or

| ess. Furthernore, with an apparatus for edge polishing provided with a
polishing cloth for edge polishing of the present invention and a nethod
for edge polishing using the 25 apparatus, an -edge polished wafer of the
present invention can be efficiently '



2 Novenber 2004 _23_ manufactured. 2 Novenber 2004 -24 CLA NBvdmbe2084l0€
pol i shed wafer, wherein an over-polish width generated by edge polishing
is controlled to 400 mor less. 5 2._Egg edge polished wafer according to
claim1l1, wherein the edge polished waf'er is a sem conductor silicon single
crystal wafer. 3. A polishing cloth for edge polishing conprising a
multi-layer structure of at least two |ayers including a polishing fabric
| ayer and a sponge |ayer having a hardness |ower than the polishing fabric
| ayer being 10 | am nated, wherein a@L%E C hardness of the polishing
fabric layer is 65 or higher and an er C hardness of the sponge | ayer
Is 40 or lower 4. The pelishing cloth for edge polishing according to claim
3, wherein the polishing fabric |layer has a thickness of 1.3 mmor |ess

and the sponge Jaygr ha hi ckness of 1.0 nm or. nore, .15 5. A par at us
for edge g'ol i shi%%gggwplﬁgﬁﬂgjw Cf?lbtvﬁﬁ‘?/reﬂi?% WetfrPO:JﬁS[*T*B‘H}dFErﬁ%’geréF%k adher ed
on an oute surf%ce t her eof ag%ég &/afer rotating device holding and
rotating S &HFHISHIRELS Eomtrple 2P 12 0B R3S pol i shed such that the wafer
inrotatign is t into cqontact wi,th the polishing cloth at a _prescribed
angl e % hefet o \Amee egﬁﬁpﬂ‘ﬁ‘}%ﬁp?{ﬁfesrh?ﬁ‘@ré}% to d¥m e wharelst theogdgertion
of the polishing cloth, the polishing claoth in use_being the polishing
cloth forp%lb§¥§ WaiesHp fgseapicondnetyr sBienginels avstal veifemn appar at us for

edge polishing conprising a rotary drumw th a polishing cloth adhered on
an outer 3urfacetheidunzasloth @t edgeopalishige comprising a multi-layer

structure of at least two layers including a polishing fabric layer and a sponge
layer having a hardness lower than the polishing fabric.- layer being

10  laminated, wherein an Asker C hardness of the polishing fabric layer is 65 or
higher and an Asker C hardness of the sponge layer is 40 or lower.

4, The polishing cloth for edge polishing according to claim 3, wherein
the polishing fabric layer has a thickness of 1.3 mm or less and the sponge
layer has a thickness of 1.0 mm or more.

15 5 An apparatus for edge polishing comprising a rotary drum with a
polishing cloth adhered on an outer surface thereof and a wafer rotating
device holding and rotating a wafer, wherein the wafer is edge polished such
that the wafer in rotation is put into contact with the polishing cloth at a
prescribed angle tﬁeretd while supplying polishing slurry to the contact

20  portion of the polishing cloth, the polishing cloth in use being the polishing
cloth for edge polishing according to claim 3 or 4.

6. An apparatus for edge polishing comprising a rotary drum with a
polishing cloth adhered on an outer surface thereof and a wafer rotating
device holding and rotating a wafer, wherein the wafer is edge polished such

25  that the wafer in rotation is put into contact with the polishing cloth at a



device holding and rotating a wafer, wherein the wafer is egge. A hHshed
such 25 that the wafer in rotation is put into contact wwth the polishing
cloth at a 2 Novenber 2004 25 presc_ré&ed angl e thereto while supplying
polishing slurry to the contact porti'on of the polishing cloth, the
polishing cloth being of a single layer structure including only a
polishing fabric |ayer having an Asker C hardness of 65 or higher. 5 7. An
apparatus for edge polishing according to claim6, wherein a thickness of
t he poli shi ri i : holess. 1:8.. A hod for ed
pol i shi ng!BE gb%ilanhggiceﬁg%rgﬁd&%g? tngiH &%%#ﬁaﬁ a%%élrn 5 g@é@&& i icgﬁg%Ct\Ahi |l e
control li Q - i wdth tg 400,.~Lm or, less.. 9. net hod, f or edge
pol i shi nngI(‘:tgg? &:fﬁ%hefgmé?%nﬁl 0 phvmgrfeepﬂh#ﬁl@g ilﬁt}gﬁ%ﬂf‘%ro '6rstlf‘§% lyeZqge
pol i shed SﬁrChtthat ﬁ<f0|is ing@ltlogd if 2. kgf or npre, tilt{, angle of the
waf er agaPHSICPH SO oRYY airalishing fabrigayer hgsing ap Asker & haedpesss to 55
degrees usj an .appar at us according to any one of clains 5 to 7. 2
Novenber Qgggﬂfgﬂ& RACT Provided are a novel edge polished wafer in which
a waf er Qeri pheral sag is suppressed, a polishing cloth, a polishing
appar @ us ‘and a SRpRRAACHY Ireedss Fdishing eesending ttheclatined, wheaeimaher i s
provi ded by, controlling an over-polish wdth in edge polishing to 400 m or
| ess. Al séhickpess glothesprilighing fabrie layes isnhld i aydessstructure of at | east
two |layers including a polishing fabric |ayer an Asker C hardness of which
is 65 or Bigher énﬂéeﬁmdsfgoﬂdge paliehingnwhekein <Cchamfrredpartiontifehwifer40 or
| ower, or a single |ayer

is edge polished while controlling an over-polish width to 400 pm or less.

9. A method for edge polishing according to claim 8, wherein the
- 10 chamfer portion is edge polished such that a polishing load is 2 kgf or more, a
tilt angle of the wafer against the polishing cloth is in the range of from 40

degrees to 55 degrees using an apparatus according to any one of claims 5 to

7.



10 structure of the polishing fabric layer. Further, the ppNLSBHEG 2004
apparatus and the polishing nethod are provided by edge polishing such
that the wafer in rotation is put iné@_contaot with a rotary drum having
the polishing cloth adhered thereon at a prescribed angle thereto while
supplying polishing slurry to the contact portion of the polishing cloth.

ABSTRACT

Provided are a novel edge polished wafer in which a wafer

peripheral sag is suppressed, a polishing cloth, a polishing apparatus and a

5 polishing method for processing the wafer. The wafer is provided by
controlling an over-polish width in edge polishing to 400 um or less. Also, the
polishing cloth has a multi-layer structure of at least two layers including a
polishing fabric layer an Asker C hardness of which is 65 or higher and =a
sponge layer an Asker C hardness of which is 40 or lower, or a single layer

iO structure of the polishing fabric layer. Further, the polishing apparatus and
the polishing method are provided by edge polishing such that the wafer in
rotation is put into contact with a rotary drum having the polishing cloth
adhered thereon at a prescribed angle thereto while supplying polishing

slurry to the contact portion of the polishing cloth.



